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Pedicle involvementAbstract Aim: Magnetic resonance imaging (MRI) comparison of the pedicle involvement in TB
spondylitis and pyogenic spondylitis in relation to degree of spinal deformity, degree of vertebral
body and disc damage and paravertebral and epidural abscess formation.
Materials and methods: MRIs of 38 patients who had been diagnosed with and treated for spinal
infection, 22 patients for TB spondylitis and 16 patients for pyogenic spondylitis were retrospec-
tively evaluated for pedicle involvement, degree of spinal deformity, vertebral body and disc
damage and paravertebral and epidural abscess formation.
Results: Incidence of pedicle involvement was highly signiﬁcant more in TB spondylitis than in
pyogenic spondylitis (P value <0.01). Incidence of vertebral body collapse in vertebral bodies with
pedicle involvement was equal in both groups, however more than 50% vertebral body collapse
only reported in TB spondylitis (P value = 0.0001). Kyphotic deformity was reported only in TB
spondylitis. There was no signiﬁcant difference in disc damage, paravertebral or epidural abscess
formation between both groups.
Conclusion: Pedicle involvement is a common MRI ﬁnding in TB spondylitis, and signiﬁcantly less
common in pyogenic spondylitis. Kyphotic deformity and advanced degree of vertebral body
collapse might play a signiﬁcant role in pedicle involvement in cases of spinal infection.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Spinal infection is an uncommon but important clinical prob-
lem that often requires aggressive medical and surgical
management (1). Pyogenic spondylitis is the most common
spinal infection and approximately 80% of the cases of spinal
infection are caused by staphylococcus aureus (2). Spinal
tuberculosis accounts for 50% of the cases of skeletal TB,
456 N.M.A. Hasan15% of the cases of extrapulmonary TB and 2% of all cases of
TB (3).
MRI continues to be the gold standard for the imaging
diagnosis of spinal infections (4). Typical MRI ﬁndings in
infectious spondylitis are involvement of two or more adjacent
vertebral bodies with involvement of the intervening disc (5–7)
but pedicle involvement has not been reported extensively.
Few previous studies reported pedicle involvement especially
in TB spondylitis (8).
In this study we attempted to asses and compare pedicle
involvement in tuberculous spondylitis and pyogenic spondyli-
tis in relation to the other MRI ﬁndings.Fig. 1 57-year-old man with skipped lesions of tuberculous spondy
parasagittal T1WI without gadolinium. D, Right parasagittal T1WI w
to the right pedicles (arrows) and epidural collection opposite to D9 co
T1WI without gadolinium. F, Axial T1WI with gadolinium show the e
vertebral body to the right pedicle, right transverse process and adjac2. Patients and methods
We retrospectively analysed MR images in non-consecutive 38
patients. Their ages ranged between 24 years and 80 years with
a mean of 58.8 years who had been diagnosed and treated with
spinal infection, 22 patients with TB spondylitis (group A) and
16 patients with pyogenic spondylitis (group B). All patients
were referred to MRI unit in Diagnostic Radiology Depart-
ment at Sohag University Hospital between May 2011 and
May 2012.
Cases of congenital spinal deformity, spinal trauma, osteo-
porotic collapse, spinal tumors and post-operative spine werelitis A, midsagittal STIR. B, Right parasagittal STIR. C, Right
ith gadolinium show the extension of the abnormal signal intensity
mpresses the thecal sac (seen on midsagittal STIR image). E, Axial
xtension of the abnormal signal intensity and enhancement of D5
ent right rib with marginal enhancing right paraspinal abscess.
Fig. 2 43-year-old man with D7& D8 tuberculous spondylo-discitis. A, sagittal T2WI. B, sagittal T1WI without gadolinium. C, Sagittal
T1WI with gadolinium show vertebral bodies and intervening disc abnormal signal intensity and vertebral collapse, with anterior epidural
extension compressing the thecal sac. D, Axial T1WI without gadolinium E, Axial T1WI with contrast show the extension of the abnormal
signal intensity and enhancement of D5 vertebral body to both pedicle, anterior paraspinal and epidural soft tissues abnormal signal
intensity and enhancement.
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enhanced spin-echo T1-weighted images or had low quality
caused by motion artefact were excluded. Diagnosis of spinal
infection was made by clinical examination, laboratory inves-
tigations, classical MRI features, and conﬁrmed by bone
biopsy and histopathological examination.
All MRIs had been obtained by using a 1.5-T machine
(Philips-Acheiva). The surface coil suitable for the spinal level
to be examined was placed over the patient with the patient lying
supine. MRI Pulse sequences used were spin-echo T1-weighted
images, T2-weighted images and short tau inversion recovery
(STIR) in sagittal and axial planes. Contrast enhanced spin-echo
T1-weighted imageswere performedafter the intravenous admin-
istration of contrast agent (magnifest 0.2 ml/kg body weight).
Each vertebra with pedicle involvement was studied sepa-
rately and the followings were reported; the affected spinal
level, degree of vertebral body destruction, degree of adjacentdisc involvement, paravertebral abscess formation, epidural
abscess formation and degree of kyphotic deformity.
The pedicle involvement was based on complete replace-
ment of normal marrow signal by the same abnormal signal
intensity of the affected vertebral body on all examined se-
quences as well as the same pattern of contrast enhancement
(Fig. 1), that indicates posterior extension of the inﬂammatory
reaction of the bone or bone destruction (8–10).
Degree of vertebral body collapse was measured between
the two end plates in midsagittal view and was graded as;
grade 5 with 100% or complete collapse, grade 4 with
99–75% collapse, grade 3 with 74–50% collapse, grade 2 with
49–25% collapse, grade 1 with 24–1% collapse and grade 0
with no collapse (Fig. 2).
Degree of disc involvement was measured in the midsagittal
or parasagittal T2-weighted images and graded as complete,
partial or preserved. Complete involvement was reported if
458 N.M.A. Hasanthe disc space was obliterated, when its whole signal was as
hyperintense as that of cerebrospinal ﬂuid or when the normal
disc structure was not appreciated. Partial destruction was de-
ﬁned as partial loss of normal disc height with or without
hyperintense signal, while preserved disc is recorded if the disc
had the normal height and signal intensity (Fig. 3).
Normal vertebral and disc heights were detected from the
adjacent normal vertebral corresponding levels.
Both paravertebral and epidural abscesses were measured
in the largest diameter on axial planes.
The kyphotic angle was measured by drawing 2 lines paral-
lel to the upper and lower end plates of the involved vertebra.
If there is spinal straightening or the angle was lordotic, it was
recorded as 0.
MRI ﬁndings were compared in the study groups and were
statistically analysed using x2 test and p-value 0.05 was consid-
ered signiﬁcant and p-value 0.01 was considered highly
signiﬁcant.
3. Results
This study included 38 patients (24 males and 14 females).
Their ages ranged between 24 years and 80 years with a meanFig. 3 63-year-oldmanwithL5 pyogenic spondylitis A,Right parasag
abnormal signal intensity extension to the pedicle C,Midsagittal T1WI w
D, Axial T2WI. E, Axial T1WI without gadolinium. F, Axial T1WI wi
enhancement of L5 vertebral body to the both pedicles and right paraspof 58.8 years, classiﬁed into two groups, group A, 22 patients
with TB spondylitis (average age, 53 years) and group B, 16
patients with pyogenic spondylitis (average age, 62 years).
The thoracic spine was the mostly involved in TB spondylitis
(68.2%, 15 patients), followed by the lumbar (18.2%, 4 pa-
tients) and lastly the cervical, thoracolumbar and lumbosacral
junctions (4.53% 1 patient for each), while in pyogenic spon-
dylitis, lumbar spine was the mostly involved (75%, 12 pa-
tients), followed by thoracic spine and lumbosacral junction
(12.5%, 2 patients for each). No cervical or thoracolumbar
junction involvement was observed.
Incidence of pedicle involvement was highly signiﬁcant
more in TB spondylitis than in pyogenic spondylitis (74%
and 45% respectively, p value 0.007). Pedicle involvement in
TB spondylitis was most common in thoracic spine (83%), fol-
lowed by lumbar spine (17%). No pedicle involvement was re-
ported in the cervical or the sacral spine. In pyogenic
spondylitis, the pedicle involvement was the highest at the lum-
bar spine (57%), followed by the thoracic spine (29%), then
the sacral spine (14%) (Table 1).
Incidence of vertebral body collapse in vertebral bodies
with pedicle involvement was 71% in both TB spondylitis
and pyogenic spondylitis with a mean of collapse height ofittal STIR. B,Right parasagittal T1WIwithout gadolinium show the
ith gadolinium shows epidural abscess with marginal enhancement.
th contrast show the extension of the abnormal signal intensity and
inal enhancing soft tissue with multiple small abscesses.
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Table 2 Percentage values of the studied MRI parameters in





Vertebral body collapse no (%) 34 (71) 10 (71)
Grade 5 1 (3) 0
Grade 4 0 0
Grade 3 18 (53) 0
Grade 2 12 (35) 4 (40)
Grade1 3 (9) 6 (60)
Grade 0 14 (29) 4 (29)
Disc involvement no (%)
Complete 25 (52) 6 (43)
Partial 19 (40) 5 (36)
Preserved 4 (8) 3 (21)
Paravertebral abscess
Incidence (%) 95 87.5
Mean (mm) 20 14.5
Epidural abscess
Incidence (%) 86.4 68.7
Mean (mm) 8 7.6
Kyphosis
Incidence (%) 68 0
Mean (degree) 28.6 0
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50% vertebral body collapse was recorded in 56% in group
A, while all cases of group B showed less than 50% collapse
P= 0.0001.
Incidences of disc involvement in groups A and B were
complete in 52% and 43%, partial in 40% and 36%, while
preserved disc were 8% and 21% respectively.
Paravertebral abscess formation was noticed in 95% in
group A and 87.5% in group B, with a mean width of
20 mm and 14.5 mm respectively.
Incidence of epidural abscess formation was 86.4% in
group A with a mean width of 8 mm and 68% in group B with
a mean width of 7.6 mm.
68.2% of group A had kyphotic deformity with a mean
kyphotic angle of 28.6, while no kyphotic deformity was
reported in group B at all (Table 2).
4. Discussion
Infectious spondylitis accounts for 2–4% of cases of skeletal
infection (11). A spinal infection may become established by
hematogenous spread from distant septic foci, direct inocula-
tion from spinal surgery or penetrating trauma, or direct
extension from septic foci in adjacent soft tissue. Blood-borne
pathogens may reach the spine either by antegrade ﬂow
through the nutrient arterioles of the vertebral bodies or by
retrograde ﬂow through the paravertebral Batson venous
plexus (12). Infection usually starts in the anterior portion of
the vertebral body because of its rich arterial supply and then
spreads to the rest of the vertebral body along the medullary
spaces. Through the disc space, which is usually involved in
pyogenic infections, the infection spreads to the contiguous
vertebrae (13).
Posterior element involvement in spinal infection was de-
scribed in few studies, within low incidences (9,14–16). In thisstudy, pedicle involvement was reported in higher incidence
compared with the previous studies and signiﬁcantly more in
TB infection than in pyogenic infection (74% of TB spondylitis
and in 45% of pyogenic spondylitis).
As the thoracic spine is the mostly involved in TB infection,
followed by the lumbar, while the reverse in pyogenic infection
and the cervical spine is the least affected level in both
(5,15,17), the highest incidence of pedicle involvement in TB
cases was detected in thoracic spine then the lumbar spine,
while in pyogenic spondylitis, the lumbar spine was the mostly
involved level, followed by the thoracic spine.
In an attempt to explain our results using other MRI ﬁnd-
ings and the results of previous studies (8,9), we found that the
higher incidence of pedicle involvement may be a result of late
presentation of the patients and subsequently advanced stage
of the disease process which could be appreciated by observa-
tion of the degree of vertebral body destruction, degree of disc
involvement, paravertebral and epidural abscesses formation
and kyphotic deformity.
This may provide an evidence that the infection reaches the
pedicle as a direct extension from the infected vertebral body in
late stages of the disease, where no solitary pedicle involvement
with spinal infection was reported in this study.
The signiﬁcant difference of pedicle involvement in TB and
pyogenic spondylitis could be explained as the damage to the
vertebral body may be more severe and permeated in TB spon-
dylitis than in pyogenic spondylitis which results in less bone
damage (except the peridiscal endplate and metaphyseal re-
gion) (9).
In this study, vertebral body collapse was seen in 71% of
both TB and pyogenic spondylitis with pedicle involvement
but it signiﬁcantly had more severe degree in TB than in pyo-
genic infection (mean collapse height was 41.6% and 21.8%
respectively).
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most pathognomic for TB infection (4,18) in this series, it was
detected in 68% of cases of TB spondylitis with pedicle
involvement, which provided an additional evidence of ad-
vanced stage of the disease, while it was not seen in pyogenic
infection as it is reportedly rare in pyogenic spondylitis (18)
and this may have occurred because TB mostly affects the tho-
racic spine, which is normally kyphotic whereas pyogenic
infection mostly occurs in the lumbar spine, which normally
has a lordotic curve.
As in other studies, (9,19) Paravertebral and epidural ab-
scess incidence and size were reported more in TB than in pyo-
genic infection which may be impressive of more severe
infection in TB than in pyogenic spondylitis.
In adults, the disc is avascular and the organisms invade the
end-arterial arcades in the metaphyseal region adjacent to the
disc. The infection then spreads by direct extension with rup-
ture of the infective focus through the end-plate into the disc
(1). No signiﬁcant difference was detected in this series in the
incidence and the degree of disc involvement between TB
and pyogenic spondylitis with pedicle involvement, however
it was more frequent in cases of TB spondylitis than in pyo-
genic spondylitis, in contrary to previously reported by Chang
MC et al., (9). This may be partially caused by the more sever-
ity of infection in TB spondylitis than in pyogenic spondylitis
and so disc involvement was more reported in association with
pedicle involvement in TB cases than in pyogenic cases.
The principles of surgical treatment of spinal infection in-
clude: (a) thorough debridement and removal of infected tis-
sue; (b) decompression of neural elements; (c) restoration of
spinal alignment; or (d) correction of spinal instability (20).
In patients with spinal infection, bony involvement usually in-
cludes the vertebral body and intervertebral disc with kyphosis
as complication in cases of spinal TB. Some degree of stability
is usually maintained by intact posterior elements, thus pre-
venting signiﬁcant subluxation, so the anterior approach is
the best technique to restore the integrity of anterior column
and allows a better exposure of the lesions and their debride-
ment, where infected pedicle may be missed. Cases of posterior
element infection or with extended intraspinal lesion are trea-
ted by laminectomy with or without posterior instrumentation
to decompress the spinal cord, (21,22) It is essential, therefore,
to review the MR images carefully in order to recognize the
involvement of various spinal elements, including the pedicles.
This is important as the pathology of the disease may progress
to destabilize the spinal columns resulting in devastating neu-
rological deﬁcits. Thus, aggressive treatment and avoiding
instability is the key to a complete recovery.
5. Conclusion
The pedicle is an important structure in maintaining spinal sta-
bility. Pedicle involvement in spinal infection is not uncommon
and signiﬁcantly more common in TB spondylitis than in pyo-
genic spondylitis. It could be considered as a part of the disease
pathogenesis in its advanced stages as a direct extension from
the infected vertebral body. Kyphotic deformity and advanced
degree of vertebral body collapse might play a role in the high-
er incidence of pedicle involvement in TB spondylitis than in
pyogenic spondylitis. Early MRI detection and reporting of
pedicle involvement might help the surgeons in determining
strategy of management.Conﬂict of interest
We have no conﬂict of interest to declare.
References
(1) Skaf GS, Domloj NT, Fehlings MG, Bouclaous CH, Sabbagh
AS, Kanafani ZA, et al. Non-pyogenic infections of the spine. Int
J Antimicrob Agents 2010;36:99–105.
(2) Rankine JJ. MRI of spinal infection. Curr Orthop 2004;18:
426–33.
(3) Dass B, Puet TA, Watanakunakorn C. Tuberculosis of the spine
(Pott’s disease) presenting as compression fractures. Spinal Cord
2002;40:604–8.
(4) Stieber JR, Schweitzer ME, Errico TJ. The imaging of spinal
infections. Semin Spine Surg 2007;19:106–12.
(5) al-Mulhim FA, Ibrahim EM, el-Hassan AY, et al. Magnetic
resonance imaging of tuberculous spondylitis. Spine 1995;20:
2287–92.
(6) Desai SS. Early diagnosis of spinal tuberculosis by MRI. J Bone
Joint Surg Br 1994;76:863–9.
(7) Kim NH, Lee HM, Suh JS. Magnetic resonance imaging for the
diagnosis of tuberculous spondylitis. Spine 1994;19:2451–5.
(8) Yusof MI, Hassan E, Rahmat N, Yunus R. Spinal tuberculosis:
the association between pedicle involvement and anterior column
damage and kyphotic deformity. Spine 2009;34:713–7.
(9) Chang MC, Wu HT, Lee CH, Liu CL, Chen TH. Tuberculous
spondylitis and pyogenic spondylitis: comparative magnetic
resonance imaging features. Spine 2006;31:782–8.
(10) Gehlot PS, Chaturvedi S, Kashyap R, Singh V. Pott’s spine:
retrospective analysis of MRI scans of 70 cases. J Clin Diagn Res
2012 Nov;6(9):1534–8.
(11) Maiuri F, Iaconetta G, Gallicchio B, Manto A, Briganti F.
Spondylodiskitis: clinical and magnetic resonance diagnosis.
Spine 1997;22:1741–6.
(12) Dagirmanjian A, Schils J, McHenry MC. MR imaging of spinal
infections. Magn Reson Imaging Clin N Am 1999;7:525–38.
(13) Van Tassel P. Magnetic resonance imaging of spinal infections.
Top Magn Reson Imaging 1994;6:69–81.
(14) Naim-UR-Rahman. Atypical forms of spinal tuberculosis. Bone
Joint Surg 1980;62-B:162–5.
(15) Narlawar RS, Shah JR, et al. Isolated tuberculosis of posterior
elements of spine: magnetic resonance imaging ﬁndings in 33
patients. Spine 2002;27:275–81.
(16) Arthornthurasook A, Chongpieboonpatana A. Spinal tuberculo-
sis with posterior element involvement. Spine 1990:15191–4.
(17) Rasit AH, Razak M, Ting FS. The pattern of spinal tuberculosis
in Sarawak general hospital. Med J Malaysia 2001;56:143–50.
(18) Skaf GS, Domloj NT, Fehlings MG, Bouclaous CH, Sabbagh
AS, Kanafani ZA, et al. Pyogenic spondylodiscitis: an overview.
J Infect Pub Health 2010;3:5–16.
(19) Joseffer SS, Cooper PR. Modern imaging of spinal tuberculosis. J
Neurosurg Spine 2005;2:145–50.
(20) Gasbarrini AL, Bertoldi E, Mazzetti M, Fini L, Terzi S,
Gonella F, et al. Clinical features, diagnostic and therapeutic
approaches to haematogenous vertebral osteomyelitis. Eur Rev
Med Pharmacol Sci 2005;9(1):53–66.
(21) Sindou M. Practical handbook of neurosurgery: from leading
neurosurgeons, volume 1. In: EL KHAMLICHI A, editor.
Infections in spine. Germany: Springer-Verlag/Wien; 2009. p.
163–79.
(22) Skaf GS, Domloj NT, Fehlings MG, Bouclaous CH, Sabbagh
AS, Kanafani ZA, Kanj SS. Pyogenic spondylodiscitis: an
overview. J Infect Pub Health 2010;3:5–16.
